Objective: To compare the diet and lifestyle in breast cancer survivors and healthy women. Design: Cross-sectional study in the population-based Norwegian Women and Cancer cohort study, using a postal questionnaire on diet, lifestyle and health. Setting: Nation-wide, population-based study. Subjects: Women aged 41-70 years. Prevalent breast cancer cases (314 short-term with 1-5 years since diagnosis, 352 longterm with 45 years since diagnosis) were identified by linkage to the Norwegian Cancer Registry. The comparison group consisted of 54 314 women. Interventions: Analyses of variance, with post hoc Bonferroni tests when significant differences were found. Results: Overall there were few differences in the diet of the three groups. Short-term survivors ate more fruits and vegetables than healthy women (Po0.0001), and consumed more of nutrients associated with fruit and vegetables (fibre, mono-and disaccharides, folate, vitamin C and potassium). Short-term breast cancer survivors also had a higher use of dietary supplements and a lower level of physical activity, but did not differ from healthy women on other lifestyle factors. The long-time survivors did not differ from any of the other groups. Conclusion: Diet and lifestyle is generally similar between breast cancer survivors and healthy women, especially more than 5 years after diagnosis. Sponsorship: This project has been financed with the aid of EXTRA funds from the Norwegian Foundation for Health and Rehabilitation.
Introduction
Breast cancer is the most common malignancy among women, and over the last 40 years the survival has increased by ca 18%, so the number of breast cancer survivors increases (Cancer Registry of Norway, 2004) . Little is known about the diet and lifestyle of breast cancer survivors compared to other women, especially in European populations, but in the US a cohort of early stage breast cancer survivors has been established in order to examine how modifiable behavioural risk factors affect quality of life and long-term survival (Caan et al., 2005) .
No dietary guidelines are established for avoiding breast cancer recurrence, but for example the American Cancer Society recommends that guidelines used to prevent cancer should be the basis for nutritional advice for women with breast cancer as well (Brown et al., 2003) . They also recommend breast cancer survivors to achieve and maintain a healthy weight (body mass index, BMI, below 25 kg/m 2 ), and to be physically active on a regular basis. This is supported by a review by the International Agency on Cancer Research (IARC Working Group on the Evaluation of Cancer Preventive Strategies, 2002) .
Several hypotheses exist on the association between diet and breast cancer recurrence and/or survival. Firstly, that prediagnosis diet affects recurrence and survival. Then one would expect the survivors to have healthier diets than those who do not survive, or experienced a relapse. Some studies have suggested that women with lower prediagnosis fat intakes, or lower intakes of fatty foods have a better survival and/or lower rates of recurrence of breast cancer (Zhang et al., 1995; Hebert et al., 1998; Saxe et al., 1999) . One study found that increased intakes of beta-carotene seemed to improve survival, but this result was not adjusted for other known risk factors (Ingram, 1994) . No associations were found between prediagnosis dietary antioxidant intake and recurrence or survival in another study (Fleischauer et al., 2003) . Whereas most studies look for linear relationships between nutritional factors and survival, one study found a U-shaped relationship between survival and both macronutrients, cholesterol and ratio of polyunsaturated to saturated fats before diagnosis (Goodwin et al., 2003) .
Secondly, postdiagnosis diet might influence breast cancer recurrence and survival. Then one might expect the survivors either to have had healthier diets all the time, or to have changed their diet in a more healthy direction after the diagnosis, compared to those who do not survive or experienced a recurrence. A study of postdiagnosis dietary, or supplemental, intakes and survival did not find any effects, except for increased survival among women eating more protein, but not red meat (Holmes et al., 1999) . The main hypothesis behind two multicentre randomized controlled trials of breast cancer survivors is that a plant-based diet low in fat is beneficial in order to avoid breast cancer recurrence (Rock and Demark-Wahnefried, 2002) . Only the Women's Intervention Nutrition Study (WINS) has released some early results, showing that a low-fat diet increased relapse-free survival, especially in oestrogen receptor negative women (Chlebowski et al., 2005) . One study found some limited support for the hypothesis that antioxidant supplements might reduce the risk of breast cancer recurrence and breast cancer mortality, when used long-term, prediagnosis, postdiagnosis, or both (Fleischauer et al., 2003) .
Whether or not pre-and postdiagnosis diets are the same, that is, whether breast cancer patients change their diet when diagnosed has been the subject of several papers. Authors report that 30-45% of breast cancer survivors do change their diets after diagnosis (Maunsell et al., 2002; Salminen et al., 2004) . In one study, the prevalence of dietary change was more than 80% (Thomson et al., 2002) . All these studies were cross-sectional, relied on self-reported changes in dietary habits, and could not quantify (in gram, kilo joule, percentage, etc) the dietary change. One breast cancer patient cohort with repeated dietary measurements showed only modest positive changes in the diet even in subgroups of women who stated that they had changed different parts of the diet (increase in fruit, increase in vegetables, and decrease in fat). For the group in general, the only significant differences two years postdiagnosis were a lower energy intake, and an increased energy percentage from fat (Wayne et al., 2004) . None of the studies included a control group of healthy women, so it is not clear whether any changes in diet among women with breast cancer differ from dietary changes made in the general female population.
A recent cross-sectional study from the US showed few differences in age-stratified behavioural risk factors (including low fruit and vegetable consumption, high fatenergy percentage, low fibre intake, physical inactivity and overweight) prevalence between cancer survivors and noncancer controls (Coups and Ostroff, 2005) . The prevalence of such risk factors, except for high alcohol intake and/or binge drinking, was high across all cancer sites. Similarly, a Norwegian study found no differences in smoking, inactivity or obesity among long-term breast cancer survivors and age-matched controls (Nord et al., 2005) .
Breast cancer survivors are at increased risk for second primary cancers, diabetes, cardiovascular disease and osteoporosis (Rock and Demark-Wahnefried, 2002; Ness et al., 2005) . The role for diet in preventing cardiovascular disease is strong, and provides further justification for promoting healthy diets for breast cancer survivors.
The aim of this paper is to compare different aspects of the diet and other lifestyle factors among breast cancer survivors and healthy women, in a cross-sectional setting. Specifically, we wanted to explore whether there is any variation in diet according to time since diagnosis.
Materials and methods
The Norwegian Women and Cancer study was initiated in 1991, and is a national, population-based cohort study. The study design, population and procedures have been described elsewhere, together with aspects of external validity (Lund et al., 2003) . This paper reports cross-sectional data collected between 1996 and 1998. Currently, we only have one dietary measurement per participant, partly from the second part of the baseline mailing (1996) (1997) , and partly from a second mailing (1998). We concentrated this study to women aged 41-70 years, and 67 932 women (67% of the invited population) filled in a self-administered questionnaire including questions on reproductive factors, lifestyle factors, medication, different illnesses and a semiquantitative food-frequency questionnaire (FFQ).
The FFQ covered the habitual diet in the previous year, with special attention to the consumption of fish and fish products (Hjartaker and Lund, 1998) . The questionnaires applied in the baseline and the second mailing had comparable sections of dietary information, but with some differences, especially in fatty and sweet foods. It included 63-79 food items typically consumed in Norway, four questions on dietary supplements and three questions on alcohol intake, but did not cover the entire diet. Frequencies were asked per day, week, month or year as appropriate, typically with 6-7 alternatives. About one-third of the foods had accompanying questions on amounts consumed (in natural units, household units or decilitres). For the rest of the foods the questions were either posed with a quantification (e.g. glasses of milk), or a standard portion was applied (e.g. apples). The weights of the portion units were mainly derived from a Norwegian weights and measures table, and updated where necessary (National Association for Nutrition and Health, 1995) . If a frequency was given without indicating portion size, the smallest portion unit was assumed. Likewise, if a portion size was given without a frequency mark, the lowest frequency option (seldom/never) was chosen. If neither frequency nor portion was indicated, the food item was considered not consumed (Hjartaker and Lund, 1998) .
Daily intake of nutrients and energy was calculated using values from the Norwegian Food Composition table (National Nutrition Council et al., 2001) . This table includes data on cod liver oil, but not on other vitamin and dietary supplements. Cod liver oil (liquid and capsule concentrates) is therefore the only dietary supplement included in the nutrient calculations. As our aim was to compare different aspects of the diet, most of the nutrients available in the food composition table were included, along with the most important foods/foodgroups, and some foods considered healthy or unhealthy. A more detailed description of the core dietary questions and their validation is published elsewhere (Hjartaker et al., 1997; Hjartaker and Lund, 1998) .
Demographic and lifestyle variables included region of residence, number of persons in household, marital status, number of children, education, household income, smoking, self-reported health (only in subcohort), opinion on diet's importance for health (only in subcohort), total physical activity (scale 1-10), weight, height and menopausal status. BMI was calculated as weight (kg) divided by the square of the height (m 2 ).
Information on prevalent cancers was obtained by linkage to the Norwegian Cancer registry, using the individually unique national registration numbers. The regional ethical committee and the Norwegian Data Inspectorate approved the study.
Study population
In the Norwegian Cancer registry, 957 of the participants were registered with breast cancer (International Classification of Diseases, version 7, code 1700-1709) as their first cancer diagnosis at the return of the questionnaire. More than one prevalent cancer was registered for 71 of the participants. Of these, 27 women with other cancers in addition to breast cancer were excluded, but those with cancer in both breasts were included. Recurring cancer in the same breast is not registered in the cancer registry, nor is later metastases. Preliminary analyses showed that breast cancer survivors with self-reported high blood pressure, myocardial infarction, heart failure/angina pectoris, stroke or diabetes (n ¼ 162), or any combination of these, were older and scored differently on for example energy intake, physical activity and BMI than other breast cancer survivors. It is also more likely that women with these diseases have received dietary advice for their conditions, so they were excluded. Only women with energy intakes in the range of 2500-15 000 kJ (598-3585 kcal) were included (Hjartaker and Lund, 1998) , so six more breast cancer cases were excluded. Women who had got their breast cancer diagnosis less than 1 year before receiving the questionnaire (n ¼ 96) were excluded, as this is usually the most intensive treatment period, which can influence eating and weight considerably. In all, 666 breast cancer survivors were included. Mean length of diagnosis was 7.1 years, median length 5.3 years. Short-term breast cancer survivors were defined as women who had survived breast cancer 1-5 years (n ¼ 314), whereas women who had survived breast cancer more than 5 years were defined as long-term survivors (n ¼ 352).
Similar exclusions were made from the rest of the study sample; all women with cancer(s) (n ¼ 1933), high blood pressure, myocardial infarction, heart failure, stroke, diabetes or a combination of these (n ¼ 10 218) were removed, together with women whose energy intake was not in the range of 2500-15 000 kJ (n ¼ 510). Finally, 54 314 women without breast cancer, hereafter called healthy women, were included.
Statistical methods
All analyses were performed using SAS release 9.1. (SAS Institute Inc., Cary, NC, USA). Analyses of variance were performed through the GLM procedure. Adjustment variables were: energy intake (in tertiles), physical activity (three groups based on scale 1-10), BMI (p20 kg/m 2 , 20.1-25 kg/m 2 , 425 kg/m 2 ), type of questionnaire (four types, grouped according to mean energy intake and year of mailing), and age group (41-50 years, 51-60 years, 61-70 years). Owing to the large number of participants, and the large number of comparisons, the significance level was set to 0.01. When the comparison of the three groups yielded significantly different values, post hoc Bonferroni tests were performed to find out which groups differed.
Results
Breast cancer survivors were older than healthy women (Table 1) , and long-term survivors were the eldest. These differences between the groups were significant at 0.01 level in Bonferroni post hoc analyses. The percentage of postmenopausal women was higher among the breast cancer survivors, but none of them were on hormonal replacement therapy (HRT) (result not shown). In comparison, 36.3% of the healthy women were current users of HRT. More than twice as many breast cancer survivors had a mother with breast cancer compared to healthy women, and this difference was highly significant. The survivors seemed to have fewer children, but this was significant only on 0.05 level in Bonferroni post hoc tests. There was no difference in the size of the households of survivors and healthy women.
The breast cancer survivors reported a little longer education than the healthy women, but the difference was not significant. There was no difference in the proportion of women living in low-income households. The proportion of women reporting good or very good health was lower among short-term breast cancer survivors than among healthy women, whereas the long-term survivors had an intermediate value.
There were few and mostly small differences in the food intake between the breast cancer survivors and the healthy women (Table 2) . Only the intake of fruit and vegetables was higher among breast cancer survivors. Post hoc tests of fruit (Po0.0001) and vegetable consumption (Po0.0001) showed that short-term survivors had significantly higher intakes than the healthy women, whereas long-term survivors had Diet among breast cancer survivors and healthy women G Skeie et al intermediate intakes, and did not differ from any of the other groups. In total, healthy women ate 304 g fruit and vegetables per day, whereas short-term and long-term survivors ate 360 and 325 g, respectively.
Looking at subgroups of fruits and vegetables, short-term survivors consistently had the highest intakes. For all four groups of fruits (apples/pears, orange/citrus, bananas and other fruits) and five (carrot, swede, broccoli/cauliflower, mixed salad and other vegetables) out of seven groups of vegetables (not cabbage and mixed vegetables), long-term survivors had intermediate intakes, and healthy women the lowest intakes (details not shown). The differences between survivors and healthy women were significant on 0.01 level for bananas, other fruits, cabbage and broccoli/cauliflower. A question on juice consumption was only included in the last version of the questionnaire, so the sum of fruits and vegetables above did not include juice. There was no difference in juice consumption in the subcohort queried about juice ( Table 2 ). The sum of fruits, vegetables and juice intake was 447 g per day among the short-term survivors, 398 g among long-term survivors and 369 g per day among the healthy women in this group.
Even though we did not find differences in total consumption of milk, we assumed that there might be a difference in type of milk chosen by the survivors and the healthy women, but no differences were found for whole milk, low-fat milk or skimmed milk (result not shown). Likewise, there were no differences in intakes of breads with different contents of fibre.
Since the FFQ probed the diet the last year, some of the participants in the second year after diagnosis might have some overlap between the FFQ and the treatment period. To see if this affected the results, we compared the survivors in their second year with those in their third, fourth and fifth years, respectively. There were no significant differences either in total energy intake, fat intake, or in intake of fruits and vegetables (results not shown). When comparing shortterm survivors year by year with healthy women, short-term survivors consistently had higher intakes of fruits and vegetables, but the differences only reached significance for the second year after diagnosis.
When it comes to nutrients, short-term breast cancer survivors had a higher intake of nutrients related with fruits and vegetables, both dietary fibre, mono-and disaccharides, folate, vitamin C and potassium than both the other groups (Table 3 ). The groups also showed different intakes of other nutrients (thiamine, copper and vitamin B6), but these differences were so small (1-4%) that they have no nutritional significance. Except for thiamine, where there were no significant differences between any of the groups in post hoc tests, and for folate, where both long-and short-term survivors had a higher intake than the healthy women, only the differences between the short-term survivors and the healthy group were significant. There were no differences neither in the intake of energy, alcohol, nor fat, or in the fat composition.
More short-term survivors took dietary supplements than long-term survivors and healthy women (Table 4 ). The BMI was the same in the healthy and survivor groups. Physical activity levels were lower in short-term survivors, but only significantly different from the healthy women. The percentage of smokers was insignificantly lower among breast cancer survivors than among the healthy women.
Of the survivors, 71 reported that their mother also had breast cancer. There was no difference in the food intake and lifestyle of these women and healthy women whose mothers had breast cancer (results not shown).
Discussion
Short-term breast cancer survivors ate 16% more vegetables and 20% more fruits per day than the healthy women. The difference amounts to about half a fruit a day. In the subcohort which had data on juice intake, only short-time survivors had mean intakes above the WHO recommendation of 400 g fruits and vegetables per day (World Health Organization, 2003) . Eating more fruit and vegetables has been actively propagated in anticancer campaigns. The increase in fruits and vegetables did not seem to depend on one particular food item, as the short-term survivors had the highest intakes, long-term survivors had intermediate intakes, and healthy women the lowest intakes of most subgroups of fruits and vegetables. The short-term survivors ate 11% more fruits and vegetables than the longterm survivors, and although this difference was not significant, it might reflect a trend. It is possible that breast cancer survivors change their consumption of fruits and vegetables when diagnosed, and fall back towards the intakes of healthy women as time passes. To investigate this, prospective studies are needed.
Several cross-sectional studies have reported that breast cancer survivors claim to have increased their intake of fruits and vegetables after being diagnosed (Maunsell et al., 2002; Thomson et al., 2002; Patterson et al., 2003; Salminen et al., 2004) . A longitudinal study on breast cancer survivors (Wayne et al., 2004) did not find significant differences in fruit and vegetable intake before and after diagnosis, on the group level. Unfortunately, both measurements were performed after diagnosis, even though the patients on the first occasion were asked to recall prediagnosis diet. However, the study also asked explicitly about dietary changes, and found that in the subgroup that claimed to have changed their diet in the global questions, the changes were small, but significant (Wayne et al., 2004) . Baseline data from the WHEL-study (Women's Healthy Eating and Living study) showed that women claiming to have made dietary changes did not eat more fruit and vegetables than those who did not claim to have changed their diet (Thomson et al., 2002) . However, this sample of women had a healthy diet already at baseline. Eating 'five a day' was a little more common in Diet among breast cancer survivors and healthy women G Skeie et al cancer survivors than in noncancer controls in another study from the US, but less common in breast, colon, cervix and uterus cancer survivors than in survivors of prostate cancer and melanoma (Coups and Ostroff, 2005) . Salminen et al. (2004) , in a study from Finland and Australia, observed that making dietary changes was more common 5 years after diagnosis, than earlier . As different answers were combined, one cannot distinguish between change and intention to change. Likewise, one cannot rule out that the changes the breast cancer survivors made were the same as those other women made, owing to time, trends and changed opinions on what is healthy and not. The WHEL baseline study found that fat-related dietary changes were more likely the longer interval between diagnosis and questionnaire, but all their participants were recruited within 4 years of diagnosis, and would have been categorized as short-time survivors in our study (Thomson et al., 2002) . In that study, as in our study, the intake of fruit and vegetables decreased as time from diagnosis lengthened.
None of the other differences in food intake were statistically significant in our study. In particular, we could not reproduce the finding of a reduced intake of red meat and/or fatty foods found in several other studies (Thomson et al., 2002; Patterson et al., 2003; Salminen et al., 2004) . Furthermore, one could have anticipated differences in type of milk (fat content) and bread (fibre content) if not in quantity, but this was not observed either. We cannot rule out that there are more differences, as we only have crosssectional data. It is also possible that further subgroup analyses could have revealed other differences.
The differences in nutrient intakes in our study mostly follow from the differences in consumption of fruits and vegetables, and neither total fat nor fat composition was different between the groups. Even though many of the US studies show that survivors claim to reduce fat, this might not hold true for Norwegian breast cancer survivors. Only 18% of Finnish breast cancer survivors claimed to have decreased their intake of fats and oils/fried food, compared to 39% of Australian breast cancer survivors (Salminen et al., 2004) . Alcohol has been related to primary breast cancer (World Cancer Research Fund and American Institute of Cancer Research, 1997) , but most studies do not find an association with recurrence (Demark-Wahnefried and Rock, 2003) . We did not find any differences in alcohol intake among the survivors and the healthy women.
Compared to the Norwegian nutrient recommendations, all groups of women ate too much fat, especially saturated fat, and too little (complex) carbohydrates (The Directorate for Health and Social Affairs, 2005) . Of the micronutrients, the intake of folate, iron and calcium from foods was lower than recommended. The use of supplements was widespread, both in the healthy and cancer groups, as in a national diet and nutrition study (Johansson et al., 1997) . This implies that the total micronutrient intake is higher than we have calculated from the food intake.
Supplement use was more frequent in the short-term survivors than in both long-term survivors and healthy women in our study, and increased use of supplements with cancer diagnosis has also been found elsewhere (Patterson et al., 2003; Salminen et al., 2004) . Newman found that use of some, but not all types of supplements was independently associated with time since diagnosis (Newman et al., 1998) . When comparing the WHEL baseline data with a population-based study, there was a higher proportion of users of different groups of antioxidant supplement among the breast cancer survivors (Rock et al., 2004) . Also, the distribution of intakes was different between the two studies, with more extreme doses among the breast cancer survivors.
Other factors associated with a healthy lifestyle and avoiding recurrence is keeping the BMI in the normal range, staying active and smoke-free. There was no difference in mean BMI between the groups in our study. Other studies show similar results (Coups and Ostroff, 2005; Nord et al., 2005) . Physical activity scores were borderline lower among short-term survivors compared to the healthy women in the present study. Studies of breast cancer survivors show that ca 30% initiated new activity or increased activity after diagnosis (Salminen et al., 2002; Patterson et al., 2003) , but one of them also showed that a smaller subgroup decreased their activity (Salminen et al., 2002) . Cross-sectional studies of cancer survivors and the general population find that (in)activity levels are similar in the two groups (Coups and Ostroff, 2005; Nord et al., 2005) . A recent analysis from the Nurses Health Study showed that physical activity after breast cancer diagnosis reduced the risk of dying from the disease (Holmes et al., 2005) . As in a Norwegian study of long-term cancer survivors and matched controls (Nord et al., 2005) , we found no difference in daily smoking between the groups.
Mother's breast cancer did not seem to influence the diet of our participants. However, the group of breast cancer survivors who had mothers with breast cancer was small, so the power to detect differences might not have been good enough.
Short-term breast cancer survivors reported less good health than the healthy women. Another Norwegian study did not find any differences in self-reported health among breast cancer survivors and control women, but the sample was older than ours, and had only survivors of more than 5 years (Nord et al., 2005) . The percentage reporting good or excellent health is comparable to other surveys (DemarkWahnefried et al., 2000) . Both long-and short-term breast cancer survivors thought diet was less important for health than healthy women did, but the difference was not significant. Still, they had a higher intake of fruit and vegetables.
The strengths of this study are its large size, the possibility to divide the survivors into short-and long-term survivors, and the cancer-free comparison group. In addition, by using dietary registration, information about actual diet is much better than if one only asks for change in specific foods or food groups. The major limitation of the study is that it is cross-sectional. Therefore, there is a possibility that the breast cancer survivors changed their diet (or lifestyle) from prediagnosis, and that their earlier diet was less healthy than the current diet of the healthy women. It could be that the cancer survivors used their disease as a starting point for a lifestyle change (Demark-Wahnefried et al., 2000) . Another possibility is that the survivors, compared to those who did not survive their breast cancer had a healthier diet before diagnosis, and therefore survived, but this cannot be determined with a cross-sectional design. As the questionnaire does not cover the entire diet, it could be that there are differences in food consumption that we do not catch with our instrument, for example in berries, sweets and seasonal variation in consumption.
As cancer incidence increase with age, cancer treatment induces menopause, and there is a genetic component in cancer, we believe that the differences between the three groups shown in Table 1 most likely are a result of the cancer itself, and not the result of selection bias giving us participants with different characteristics depending on disease status. Selection bias could be an issue as it is possible that the breast cancer survivors with the most advanced disease did not participate. As we have shown earlier, the cumulative breast cancer rate among our participants is almost identical to the national rates, so it is not likely that this is a big problem (Lund et al., 2003) . By excluding women with less than 1 year since diagnosis, we probably also excluded the group where the selection bias would have been strongest, and where the treatment is most intensive, and influences diet the most. Of the short-term survivors, 97 were in their second year after diagnosis, and for some of these there was an overlap between the treatment period and the dietary registration, since the FFQ should reflect the diet the last year. This might have influenced the results, but there was no difference between these women and survivors in third, fourth or fifth year in pairwise comparisons for energy intake, fat intake and intake of fruits and vegetables, so it is not likely that this effect was strong. As we excluded the women with high blood pressure, diabetes, myocardial infarction, heart failure and stroke, we have selected a healthier set of study subjects than the general female population. This was done in order to study diet and lifestyle in a group not likely to have received specific dietary advice.
The findings in this study suggest that short-term survivors, long-term survivors and healthy women have similar diets and lifestyle in most aspects. Only fruit and vegetable consumption, some nutrients related with fruit and vegetable consumption, and supplement use was higher among short-term survivors than among long-term survivors and healthy women, whereas physical activity was lower among short-term survivors. When significant overall differences were found, short-term survivors had healthier levels than long-terms survivors, and long-term survivors had healthier levels than healthy women, except for physical activity. Although the differences between all subgroups were not always significant, this might indicate that changes in diet among breast cancer survivors are a temporary phenomenon. This should be explored further in a prospective study. If breast cancer survivors try to make healthier choices, nutritionists and other health professionals should be aware, and be prepared to support and enforce these choices in order to make them permanent.
